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ABSTRACT 

Field experiment was conducted at field of Fallujah- Anbar Governorate/ Iraq, during the two seasons of 2017. 

Seeds of eight maize inbred lines were cultivated, and line × tester method was used to produce 16 crosses. The 

seeds of parents were cultivated and crosses in the fall season of 2017 in a randomized complete block design 

with three replicates. The objectives of the study were to estimate gene action, hybrid vigour, and the effects of 

general and specific combination abilities of the inbred lines  and to evaluate test cross performance of the 

hybrids for grain yields and yield related traits. There were significant differences between parents and their 

crosses for all studied traits. The results showed that crosses (ZM12 x ZM51W) and (ZM12 x ZM43W) gave the 

highest hybrid vigour in grain yield (39.32% and 31.62% respectively) to the best parents. The two crosses also 

were superior in the plant grain yield (222.29 and 217.15 gm. plant
 -1

).The specific combination ability 

components were larger than the general combination ability components. The dominance genetic variation was 

more important than the genetic variation additive. The heritability in its narrow sense was low ranging between 

2.17% for grain yield.plant
-1

 and 25% for Leaf area, and this led to a high degree of dominance on the one for all 

the studied traits except leaf area. It can be concluded that it is possible to use some parents which outperformed 

others of crosses, because most of traits were under the influence of dominant  and over dominant gene effects. 

Key words:hybrid vigour, line × tester, gene action, degree of dominance. 
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 المستخمص
زرعـت بـذور امـان سـلالات نقيـة مـن ، 7102فـي عـام  خـلال موسـمين نبارــ العـراقال  الفموجة ــ محافظةن في في حقول أحد المزارعي أجريت تجربة حقمية

زرعـت بـذور اابـاء وهجنهـا الفرديـة فـي الموسـم  .جينـاً فرديـاً ه 01الفاحص( لإنتاج × هجنت السلالات بموجب طريقة )السلالة  ام محصول الذرة الصفراء
العامـة  تقـدير قـوة الهجـين وتـاايرات قابميـة الائـتلافكررات بهـدف دراسـة الفعـل الجينـي و م ةوبالااوفق تصميم القطاعات الكاممة المعشاة  7102الخريفي 
. أظهـرت النتـائب بـان ء وهجنها لجميع الصـفات المدروسـة. وجدت فروق عالية المعنوية بين ااباوتقييم حاصل النبات وكوناته لمسلالات والهجن والخاصة
نسـبة للـ   (% بالتتـابع90.17% و93.97)وة هجـين فـي حاصـل الحبـوب أعطيا أعمـ  قـقد  ZM12 x ZM43W))( وZM12 x ZM51Wن )الهجيني

. كانــت مكونــات تبــاين القــدرة 0-.نبــاتغم  702.02و 777.73قــدر  وأعطيــا حاصــلًا  ينــان فــي حاصــل حبــوب النبــاتأفضــل البــوين وكــذلك تفــوق الهج
 وكانـتمـن التبـاين الـورااي المضـيف، التبـاين الـورااي السـيادي أكاـر أهميـة  عامـة عمـ  الائـتلاف،القـدرة ال أكبـر مـن مكونـات تبـاين الائـتلافالخاصة عم  

ارتفـاع درجـة السـيادة  للـ أدى ذلـك في المسـاحة الورقيـة. % 72% لحاصل الحبوب و7.02تراوحت بين نسبة التوريث في معناها الضيق منخفضة حيث 
يسـتنتب مـن الدراسـة أمكانيـة اسـتخدام بعـء الإبـاء المتفوقـة فـي تضـريباتها فـي اسـتنباط . سـاحة الورقيـةباستاناء الملجميع الصفات المدروسة  عن واحد

 .تااير السيادة والسيادة الفائقة لن معظم صفاتها كانت تحت اتحاد خاصة لإنتاج حاصل حبوب عالهجن فردية ذات قابمية 
 الجيني، درجة السيادة.الفعل  الفاحص× السلالة  ،قوة الهجينالكممات المفتاحية: 
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INTRODUCTION 

Maize ( zea mays L.) is one of the most 

important field crops grown in the word as 

well as in Iraq for the purpose of grain 

production and also known as queen of cereals 

this crop comes third in terms of economic 

importance after the wheat and barley 

crops(1,9,11), also for the purpose of 

evaluation of several lines to produce a high 

yield after crossing with other line (3). The 

line × tester was used to determine the 

phenomenon of hybrid vigour which is 

expressed by the rate of increase in size, 

weight or growth of the first generation 

compared to its parents, and this phenomenon 

attracted plant breeders for the purpose of 

studying and applying them in many field 

crops (4), with the aim of raising its 

productivity in the unit area and improving its 

quality traits. When adopting this 

phenomenon, the first step includes testing of 

different lines from different origins to expand 

the genetic base of hybrid production which 

have the desired traits (8,17). The value of any 

genotype is estimated through its productivity 

and desirable traits, its genetic behavior and its 

ability to combine (13). Therefore, attention is 

focused on selecting appropriate line that has 

specific combination ability with genetically 

diverged lines to produce crosses, because it 

expresses the ability of the line to produce a 

superior hybrid by pairing with another 

line(16). The general combining ability is 

under the additive effect of genes which gives 

a clear indication of line on the hybrid 

combine, as well as the specific combination 

ability which are under dominant effects of 

gene which gives special indication to the 

breeds in their ability to combine with other 

breeds(20), and for the purpose of identifying 

the genetic behavior some genetic parameters 

are estimated through partitioning of 

components, and calculating the degree of 

inheritance with its broad and narrow sense 

heritability which means  the amount 

transferred to the offspring resulting from 

them in the first generation because each 

parent has a general effect to improve the 

number of attributes, as well as estimate the 

degree of dominant through which we can find 

out what kind of gene controls the traits to 

determine the appropriate breeding method to 

improve them (25).  Many researchers were 

interested in maize crop such as Suadi(24) and 

Wuhaib (26) they found a significant effect on 

general and specific combining abilities and 

that the effects of specific combining ability 

was more than the general combining ability in 

most of the studied traits. There for the 

objectives of the research were to estimate the 

effects of general and specific combination 

abilities, gene action and hybrid vigour of the 

inbred lines and to evaluate test cross 

performance of the hybrids for grain yields 

and yield related traits.  

MATERIALS AND METHODS 

Eight inbred line of maize were used in this 

study. They were numbered from 1 - 8 as 

follow: ) 1- ZM12,  2- ZM49W,  3- ZP607, 4-  

M19R,  5- HS,  6- ZM51W, 7-  ZM43W  and 8 

 - ZM 7) Table (1). Inbred lines were 

cultivated in Anbar governorate/, Fallujah in 

the spring and autumn seasons of 2017 on 

furrow length of each 5m, in 16 and 25 March 

2017 respectively to ensure compatibility 

between flowering breeds and to obtain high-

vitality pollens throughout the duration of the 

hybridization. Hybridization was carried out 

between inbred lines to obtain seeds of the F1 

crosses according to line × tester  method 

which was proposed by (13). The total inbred 

lines was 16, the breeds were used (1, 2, 3, 4) 

as parents of the testers and inbred lines (5, 6, 

7, 8) as female line, selfing was carried out for 

inbred lines. at the end of the season, ears were 

harvested from each of the eight parents and 

the sixteen crosses. Seeds were obtained by 

manual isolation for planting in the followed 

season. Hybrid seeds were cultivated with the 

parents in mid-July at the same site, a 

randomized complete block design was used in 

the experiment with three replicates. The 

experimental unit was 4 furrow with a length 

of 6_m and a distance of 0.75_m between each 

two furrows, 0.25_m between the hills and the 

rate of (3) seeds in each hill, Then were 

thinned to one plant. All agricultural practices 

were carried out according to the prescribed 

recommendations. Phosphate fertilizer was 

added at rate of 160 kg P2O5.h
-1

 before 

plantin,. and nitrogen fertilizer was add at a 

rate of 200 kgN.h
-1

 at two times. Studied traits 

were taken as means of 10 plants that were 
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taken from each experimental unit apart from 

guard lines traits were:  

1- The number of days from planting to 50% 

silking 

2- Leaf area. cm 
2
. 

3- Number of rows. ear
-1

. 

4- The number of grains. ear
-1

. 

5- 1000 kernel weight. gm. 

6- Grain yield. Plant
-1

. 

Table 1. The origin of inbreds used 
 Line number Line name Origin 

M
a

le
 1 ZM12 Yugoslavian 

2 ZM49W Yugoslavian 

3 ZP607 Produced by a Yugoslav hybrid 

4 M19R American 

F
em

a
le

 

 

5 HS American 

6 ZM51W Yugoslavian 

7 ZM43W Yugoslavian 

8 ZM7 Yugoslavian 

The data were statistically analyzed in the 

method of Line × Tester, analysis which  

suggested by (15) as mentioned (22), where 

the parents are divided into two groups, the 

first group representing the parents to be 

evaluated, Lines (L=4) and The second group 

of parents used tester (T= 4). The number of 

crosses will be equal to the number of crosses 

(L) × number of testers (T), which is equal to 

sixteen crosses and accordingly the number of 

genotypes is equal (8+16) =24. The effects of 

general and specific combination ability were 

tested as follows: 

General Combination Ability (GCA) for the 

lines to be tested: 

ĝL  

General Combination Ability (GCA) For the 

testers to be tested: 

ĝt  

Effects of Specific Combination Ability (SCA) 

for the hybrid (i, j): 

Ŝij  

The components of the phenotypic variation 

were estimated (б
2
p) which include the 

additional variance (б
2
A), the dominant  

variation (б
2
D) and the environmental variance 

(б
2
E) and so on of the expected means 

variance values of EMS of the fixed model as 

follows, as the: 

Mse = б
2
E 

 

 

 

= 

 
б

2 
A =  2 б

2 
Gca 

 
б

2
G = б

2
A + б

2
D 

б
2
P = б

2
G + б

2
E 

dominant variation = б
2
D    

Variance return to general combining 

ability=б
2
Gca 

Variance return to specific combining 

ability=б
2
Sca = Phenotypic variation = б

2
p 

Genetic variation= б
2
G 

As the, Environmental variation = б
2
E 

Additional variance due to Lines line = б
2
L  

Additional variance due to Testers = б
2
t 

The degree of inheritance in the broad sense 

(h
2
.b.s) and narrowness (h

2
.n.s) and the 

Dominant  (ā) rate were estimated as follows: 

 

 

 
Hybrid vigour %: was estimated for all studied 

traits from of the mean replication by using the 

following equation: 

 
As the, Hybrid vigour = Heterobeletiosis 

F1
‾‾ 

  = The first generation rate 

BP
‾‾  

= Best rate of parents 
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Standard errors for the effect of combining 

ability was estimated in method which 

explained by (20).  

S.E. ( g
^
i – g

^
j ) Line  

 

 
RESULTS AND DISCUSSION 
Table 2 analysis of variance showed that mean 

highly significant  for traits such as grain 

yield, 50% silking, leaf area_(cm
2
), number of 

rows .ear
-1

, number of grains. ear
-1

, 1000 

kernel weight.gm, plant yield. gm
-1

 as for the 

mean values of the parents against the crosses 

which were significant at (P<0.01)for 50% 

silking and grain yield but the mean squares of 

crosses varied with a significant difference 

(P<0.01) for all studied traits, mean squares 

tester varied at (P<0.01)for all traits except 

number of grains. row
-1

 was not significant, 

aswellas the differences between the lines × 

tester interaction varied in the mean squares at 

(P<0.01)for all traits. Mustafa(18) and 

Ramadhan (19) have study confirmed that 

there were significant differences between 

genotypes, This allows us to continue to study 

their genetic behavior. Table (3) showed the 

mean squares for parents and single crosses for 

those studied traits, there were significant 

differences between the genotypes and their 

single crosses, parent (1) was superior which 

gave the lowest value among the parents in the 

days to 50% silking and number of rows.ear
-1

. 

The parent (7) was superior in the number of 

grains per row and number of grains yield per 

plant while the parent (6) is superior in 1000 

kernel weight, hybrid (3 × 8) gave it the least 

time for silking was 51.66 day, while hybrid (1 

x 7) gave the highest number of grains. row
-1 

equal 40.26 and the hybrid (3 × 7) gave the 

highest number of rows.ear
-1

 was 17.73. The 

hybrid (1×6) showed a superiority in leaf area 

equal 585.28 cm
2
, 1000 kernel weight 343.68 

gm and plant yield 222.29 gm. this hybrid did 

not differ significantly with the crosses (1 × 7) 

and (3 × 7) this is consistent with the findings 

of both (10, 12) showed significant differences 

between single crosses and their parents for 

several studied traits. 

Table 2. Analysis of variance of growth and yield traits 
 )Mean Squares )  M.S  

Yield. 

plant
-1

 

1000 

kernel 

weight 

(gm) 

Number of 

kernel. ear
-1 

Number of 

rows.ear
-1 

leaf area 

(cm
2
) 

number of 

days to 50% 

silking 

 

Df 

 

S.O.V 

4.22 183.9 2.33 8.62 1016.7 0.43 2 Replication 

** 

1556.9 

** 

2864.5 

** 

19.84 

** 

3.88 

** 

18849.0 

** 

13.79 
23 

Genotypes 

 

** 

78.7 

** 

432.2 

** 

7.75 
1.08 

** 

4959.2 

** 

5.75 
7 

Parents 

 

** 

31844.7 

** 

48696.7 

** 

258.24 

** 

25.84 

** 

182027.3 

** 

75.11 
1 

Parent× 

crosses 

** 

227.5 

** 

944.1 

** 

9.60 

** 

3.72 

** 

14452.3 

** 

13.46 
15 Crosses 

** 

237.7 

** 

1842.92 

** 

20.64 

* 

2.71 

** 

21865.8 

** 

14.30 
3 Lines 

** 

117.5 

** 

1693.5 
1.15 

** 

5.61 

** 

6962.9 

** 

27.36 
3 Tester 

** 

260.7 

** 

394.8 

** 

8.72 

** 

3.43 

** 

14477.6 

** 

8.54 
9 Line×Tester 

24.79 11.71 2.19 0.55 308.68 0.43 46 Residual 

 *and ** Significant at level of probability(P<0.05) and (P<0.01)Sequentially. 
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Table 3. means of varieties 

Yield.plant-1 1000 kernel 

weight (gm) 

Number of 

kernel.ear-1 

Number of 

rows.ear-1 

leaf area 

(cm2) 

Number of days to 50 

silking 
Parents and crosses 

159955 264988 31956 15953 330931 51966 1 

162921 273937 32933 14956 417912 55900 2 

161994 264986 33949 14943 353993 54933 3 

160984 254956 34953 14990 415945 53966 4 

158905 278944 31988 14986 424973 52966 5 

147986 294956 30934 13943 347995 55966 6 

164998 273963 35924 14926 359937 54933 7 

160943 264964 32994 14953 326956 52933 8 

203915 311979 36967 16923 315993 50933 1 x 5 

222929 327968 36951 17946 407928 53900 1 x 6 

217915 307953 40926 17903 478923 53900 1 x 7 

198924 316984 38925 15940 466909 50966 1 x 8 

193951 345997 36978 14930 489988 52933 2 x 5 

203987 341957 37926 16903 487946 50933 2 x 6 

195959 329905 33970 16956 441942 58933 2 x 7 

206905 349903 34944 16910 529960 50966 2 x 8 

202990 335964 35984 15940 430926 51933 3 x 5 

191957 315952 38902 14916 471958 49966 3 x 6 

216964 300971 39942 17973 570927 51933 3 x 7 

198906 313950 38956 14990 585963 48966 3 x 8 

210975 331947 36977 16976 593900 50933 4 x 5 

202950 353914 34982 14956 474977 51900 4 x 6 

202955 297926 35953 16900 467939 53933 4 x 7 

200973 343990 36910 14973 448965 51933 4 x 8 

8.17 5.61 2.43 1.21 28.84 1.15 L.S.D%5 

Table 4 showed hybrid vigours for single 

crosses in the studied traits and combining 

ability on the basis of the best parents. 

Differences have emerged in Hybrid vigour 

values, as it was positive in some crosses and 

negative in others and that some of the crosses 

showed hybrid vigour desirable for some 

traits, It gave thirteen crosses negative hybrid 

vigour and to the significant of silking where 

the hybrid (1 × 6) gave the highest negative 

value of hybrid vigour of -8.52%, while the 

leaf area of all the crosses gave positive and 

significant hybrid vigour reached highest value 

(65.45%) at the hybrid (3 × 8) except for the 

hybrid (1 × 5) where it gave a negative Hybrid 

vigour, the hybrid (1 × 5) gave the highest 

positive Hybrid vigour to the number of rows. 

ear
-1

 (40.50%) while in the number of grains. 

row
-1

 the hybrid (1 × 8) was distinguished by 

giving higher positive hybrid vigour (16.12%) 

as for the weight of the 1000 kernel. Gm. The 

cross (2 x 5) gave higher positive hybrid 

vigour of 24.25%, on single plant bases,  all 

the crosses gave positive hybrid vigour. The 

crosses(1 × 6) and (1 × 7) gave the higher 

value of hybrid vigour 39.32% and 31.62%, 

respectively for the best parents. It implies that 

hybrid vigour varies according to the parents, 

and it is not necessary to obtain a high hybrid 

vigour from high-value parents, that is, no 

consistent relationship between grain yield for 

parents and hybrid vigour (12, 21). The 

parents were evaluated by estimating the 

effects of the general combined ability (Table 

5). It is noted that the parent (1) was combined 

by the significant and desirable direction of the 

number of rows. ear
-1

 and plant yield reached 

0.70 and 6.11 sequentially, while the parent 2 

combined in the desired direction and 

significant of 1000 kernel weight .plant
-1

 while 

the parent 3 showed a significant combined in 

the desired direction 50% silking, leaf area and 

number of grains per row , parent 5 showed 

combined in the undesirable direction of most 

of the traits while parent 6 combined in the 

unwanted direction except for the 1000 kernel 

weight. The parent 7 combined in the desired 

direction of all traits except for 50% silking, 

parent 8 showed a general combined ability 

and significant coalition desirable for 50% 

silking and leaf area. When estimating the 

specific combined ability (Table 6). The 

crosses 3 × 7 and 4 × 5 showed a special effect 

in combining the desired direction of all the 

studied traits, while the hybrid 3 × 6 showed a 

special combining with the unwanted trend of 

most Traits, and the hybrid 1 × 6 gave a 

desirable and general combined ability 

significant coalition in the grain yield. plant
-1

. 

The cross 1 × 7 showed a specific combining 

ability in the desired direction of most studied 

traits and showed a positive trend for leaf area 

traits, weight 1000 kernel and plant yield. 

These results are consistent with the findings 

of (6, 7(. These crosses showed a positive  

significant effect, while others show a negative 
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and  significant  effect on the specific 

combined ability in the studied traits. As 

shown before, there are a variation between 

crosses in specific combining ability. The 

parents that have a positive and significant 

effect of general combining ability had given a 

significant effects in the same direction in the 

effects of their specific combined ability, 

Means the emergence of the dominant 

influence of the genes. If the general 

combination ability positive and significant for 

a characteristic and did not have any positive 

effect on the specific combining ability that is 

due to the additive effect of the genes in these 

traits, which is consistent with what it found 

(2,14), if the specific combined ability is more 

important than general combination ability and 

this means that genetic control is due to the 

dominant gene. Table 7 showed the values of 

variance components and heritability in the 

broad and narrow sense and the means of 

dominant degree of the studied traits. The ratio 

between components of the general 

combination ability to the components of the 

special combing ability was less than one in all 

the traits except for the leaf area; this confirms 

the importance of the dominant action of genes 

in controlling the inheritance of traits. As for 

heritability in broad sense, was high for the 

traits of the plant yield , the 1000 kernel 

weight and the 50% silking as it ranged 

between (76.56%, 95.09%) respectively, this 

was due to the increase in the genetic variation 

and the decrease in the value of environmental 

variability, which makes  trait transmission to 

the F1 are more likely and heritability values 

ranged from 2.17% to (P<0.05) for plant yield 

and leaf area. This was due to a decrease in 

additive genetic variation, so it can be 

improved by hybridization. The dominant 

genetic variation values greater than additive 

genetic variation  values in all studied traits 

except for the leaf area, it has been shown that 

the degree of dominance has increased in 

value to one true for all studied traits except 

leaf area, this indicates the presence effect of 

over dominance  of genes that control 

inherited adjectives this is consistent with what 

they findings of (14). whose found that the 

ratio of the components of the variation of the 

general combination ability to the variation of 

the specific combing ability is less than one 

and the inheritance ratio is some high in the 

broad sense and low in the narrow sense and 

the degree of dominance is greater than one, 

which confirm the existence of the effect of 

over dominance controls of traits. 

Conclusion 

It is clear from these results that the 

components of the specific combining ability 

was larger than components of the general 

combined ability of all the studied traits,   the 

parents (1, 6, and 7) were the best parents of 

the combination of grain yield by achieving 

the high values of the general combined ability 

for two lines (1, 7), also that it is possible to 

use some parents which outperformed in their 

crosses development of crosses related to a 

specific combination ability to produce high 

grain yield,  crosses (ZM12 x ZM51W) and 

(ZM12 x ZM43W) gave the highest hybrid 

vigour in grain yield also were superior in the 

plant grain yield and the dominance genetic 

variation was more important than the genetic 

variation additive. 
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Table 4. Hybrid vigour for the best parents of the traits studied in maize 
Hybrid vigour % 

Yield.plant-1 1000 kernel 

weight 
kernel.ear-1 rows.ear-1 leaf area (cm2) days to 50% silking 

crosses 

 

28.53 11.97 15.02 40.50 -25.61 -2.57 1 x 5 

39.32 11.24 15.68 12.42 17.05 2.59 1 x 6 

31.62 12.38 14.24 9.65 33.07 2.59 1 x 7 

23.56 19.61 16.12 -0.83 41.10 -1.93 1 x 8 

19.29 24.25 13.76 -3.76 15.33 -0.62 2 x 5 

25.68 15.95 15.24 10.09 16.86 -9.75 2 x 6 

18.55 20.25 -4.37 13.73 5.82 7.36 2 x 7 

27.02 27.67 4.55 10.57 26.96 -3.19 2 x 8 

25.29 20.54 7.01 3.63 1.30 -2.52 3 x 5 

18.29 7.11 13.52 -1.87 35.53 -8.59 3 x 6 

31.31 9.89 11.86 22.86 58.68 -5.52 3 x 7 

22.30 18.36 15.13 2.54 65.46 -7.01 3 x 8 

31.03 19.04 6.48 12.48 39.61 -4.42 4 x 5 

25.90 19.88 0.83 -2.28 14.27 -4.95 4 x 6 

22.77 8.63 0.82 7.38 12.50 -0.61 4 x 7 

24.80 29.95 4.54 -1.14 7.99 -1.91 4 x 8 

7.17 4.47 3.15 2.28 10.84 1.09 S.E 
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Table 5. Effect of (GCA) of each parent of the studied traits 

Yield.plant-1 1000 kernel 

weight  
grains.ear-1 rows.ear-1 leaf area 

(cm2) 

days to 50% 

silking 

Varieties 

Parents 

6.11 -10.32 1.11 0.70 .61.7 0.145 1 

-4.34 15.12 -1.26 -0.09 8.5 1.312 2 

-1.80 -9.95 1.15 -0.29 35.8 -1. 352 3 

0.03 5.15 -1.00 -0.32 17.3 -0.104 4 

1.43 0.98 0.43 0.22 5.07 0.20 
S.E. 

Line 

-1.52 4.93 -0.30 -0.16 -21.3 -0. 520 5 

0.96 8.19 -0.15 -0.27 -18.3 -0.604 6 

3.88 -17.65 0.42 0.10 10.7 2.395 7 

-3.32 4.53 0.03 -0.56 28.9 -1.270 8 

1.43 0.98 0.43 0.22 5.07 0.20 
S.E. 

Tester 

Table 6. Effect of (SCA) for each hybrid on the studied traits 

Yield. plant-1 1000 kernel 

weight  

of grains. 

ear-1 
Number of 

rows.ear-1 
leaf area 

(cm2) 

days to 50% 

silking 
crosses 

-5.53 -9.10 -0.95 -0.13 -79.62 -0.87 1×5 

11.12 3.53 -1.26 1.21 8.71 1.87 1×6 

3.06 9.22 1.92 -0.50 50.60 -1.20 1×7 

8.64 -3.65 0.30 -0.57 20.30 0.20 1×8 

-4.72 -0.36 1.53 -1.28 24.11 -0.04 2×5 

3.15 -8.02 1.87 0.56 18.68 -1.95 2×6 

8.05 5.30 -2.27 -0.17 -56.40 2.96 2×7 

9.62 3.10 -1.13 0.90 13.60 -0.95 2×8 

2.12 14.36 -1.82 0.01 -62.85 1.62 3×5 

11.68 -9.01 0.21 -1.10 -24.53 0.04 3×6 

0.46 2.02 1.04 1.18 45.09 -1.37 3×7 

0.90 -7.37 0.57 -0.09 42.29 -0.29 3×8 

3.13 -4.90 1.25 1.41 118.36 -0.71 4×5 

2.59 13.50 -0.83 -0.67 -2.86 0.04 4×6 

5.47 -16.53 -0.70 -0.51 -39.29 -0.37 4×7 

0.07 7.92 0.26 -0.23 -76.20 1.04 4×8 

4.06 2.80 1.21 0.61 14.34 0.53 S.E.(sij.ski) 

Table 7. Values of genetic variation of studied traits 

yield. plant-1 1000 kernel 

weight  
grains.ear-1 rows.ear-1 leaf area 

(cm2) 

days to 50% to 

silking 

varieties 

Parent 

1.15 19.07 0.03 0.01 0.02 0.17 σ2 Gca 

78.66 127.7 2.17 0.958 0.01 2.70 σ2 Sca 

0.01 0.15 0.01 0.01 1.5 0.06 
σ2 Gca 

σ2 Sca 

2.30 38.14 0.06 0.02 0.04 0.34 σ2 A 

78.66 127.7 2.17 0.958 0.01 2.70 σ2D 

30.96 168.84 2.23 0.978 0.05 3.04 σ2 G 

14.79 11.71 2.19 0.557 0.11 0.43 σ2 E 

25.73 177.55 4.42 1.535 0.16 3.47 σ2 P 

16.56 95.09 50.4 63.71 31.25 87.6 h2b.s 

.17 21.48 1.35 1.30 25.0 9.80 h2n.s 

3.27 3.66 80.50 9.78 0.70 4.24 ā 
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